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ABSTRACT 

The  article  analyzes  the  existing  technology  of  processing  and  storage  of  fruit  and  vegetable  products  in  terms  of 
their  energy  intensity.  The  paper  uses  a  new  approach  to  the  evaluation  of  energy  efficiency  of  processing  and  storage  of 
food  products ,  developed  by  the  authors ,  taking  into  account  not  only  the  energy  costs  but  also  the  energy  content 
(energy  content)  of  the  final  product.  To  improve  the  energy  efficiency  of  the  drying  process ,  on  the  duration  of  which  its 
energy  intensity  and  energy  content  of  dried  products  depend ,  an  electro -impulse  treatment  of  the  material  before  drying 
is  proposed,  which  ensures  the  maximum  necrosis  of  tissue  cells,  as  the  main  factor  preventing  moisture  removal. 
This  electro-technological  method  is  also  recommended  for  the  processing  of  fruits  and  vegetables  and  grapes  before 
squeezing  out  the  juice.  Recommendations  are  given  for  increasing  the  efficiency  of  storing  vegetables  and  fruits  with  the 
use  of  electro-impulse  and  electron-ion  technology,  which  ensures  the  safety  of  products  up  to  86%.  The  use  of  renewable 
energy  sources,  in  order  to  increase  the  energy  efficiency  of  processing  and  storage  of  fruit  and  vegetable  products  and 
grapes,  is  indicated  in  the  work  in  a  promising  direction. 
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INTRODUCTION 

In  the  conditions  of  a  market  economy,  the  efficiency  of  the  production  of  end  products  of  crop  production 
largely  depends  on  the  expenditure  of  energy  resources  and,  to  a  lesser  extent,  on  the  energy  value  of  the  food 
products  themselves.  In  this  regard,  one  of  the  main  requirements  for  the  technology  of  processing  and  storing  fruits 
and  vegetables  and  grapes  is  to  ensure  the  maximum  conservation  of  energy  value  and  vitamin  content,  with 
minimal  energy  expenditure.  The  thermal  processes  of  processing  and  storing  fruits  and  vegetables  and  grapes  are 
very  energy  intensive.  Existing  technologies  for  the  production  of  dried  products  and  the  production  of  fruit  and 
vegetable  juice  include  a  variety  of  technological  processes,  among  which  heat  processes  consume  more  than  92 
percent  of  the  total  energy  expended  on  all  processes  (Figures.  1  and  2). 
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Figure  1:  Diagram  of  the  Existing  Technology  of 
Production  of  Dried  Fruits  and  Sultana  Grape 

Existing  developments  to  improve  the  energy  efficiency  of  fruit  and  vegetable  processing  and  grapes  mainly 
involve  the  technical  improvement  of  the  device  and  the  optimization  of  the  regimes  and  process  parameters  /  1,2, 3, 4, 5  /. 
The  technology  of  drying  fruits  and  grapes  by  means  of  preliminary  mechanical  (cutting  into  segments)  and  thermal 
(blanching)  processing  with  a  slight  acceleration  of  the  process  (by  10,...,  15%  in  the  initial  drying  period),  because  of  the 
high  energy  consumption  of  the  balancing  process  and  loss  of  nutrients  in  practice  it  is  not  widely  used  (6,  7,8). 


Figure  2:  Diagram  of  the  Existing  Technology  of  Juice  Production 
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Currently,  in  the  production  of  dried  fruits  and  sultana  grape,  sun-air  drying  is  mainly  used,  which  lasts  for  a  long 
time  (25-30  days)  outdoors  in  unsanitary  conditions.  It  is  of  interest  to  develop  researchers  dedicated  to  the  intensification 
of  dehydration  of  plant  materials  due  to  the  necrosis  of  tissue  cells  by  heating  them  with  an  electric  current  to  the 
temperature  of  thermo  plasmolysis  (9,  10,  11).  Due  to  the  lack  of  energy-efficient  technological  and  technical  solutions  for 
processing  and  storage  of  fruit  and  vegetable  products,  about  30%  of  fresh  produce  in  Uzbekistan  currently  does  not  reach 
consumers. 

MATERIALS  AND  METHODS 

Methods  of  Research 

When  assessing  energy  efficiency,  the  actual  technologies  for  processing  and  storing  fruit  and  vegetables  were 
used  by  the  method  of  analysis,  analytical  descriptions  of  the  law  of  conservation  of  energy  and  the  energy  characteristics 
of  technological  installations.  In  studies  on  the  development  of  an  effective  electro  physical  method  for  pretreatment  of 
fruit-bearing  products  and  the  establishment  of  their  parameters,  the  laws  of  biophysics,  electrical  engineering,  and  laws 
transfer  and  absorb  energy  by  matter.  When  developing  the  drying  technology,  the  laws  of  thermodynamics,  the  equations 
of  thermal  and  material  balance,  were  used. 

RESULTS 


The  experience  of  the  world  and  domestic  practice  shows  that  in  the  processes  of  heat  treatment  of  plant  materials, 
the  loss  of  nutritional  value  of  processed  products  is  directly  proportional  to  the  duration  of  the  process. 
In  the  process  of  drying  fruits  and  vegetables,  the  living  cells  of  their  tissue,  as  a  material  of  biological  origin,  have  great 
obstacles  to  the  removal  of  moisture,  which  leads  to  an  increase  in  the  duration  of  the  process,  which  in  turn  leads  to  a 
significant  decrease  in  the  energy  value  and  content  of  vitamins  in  the  finished  product.  Long-term  research  conducted  by 
us,  in  response  to  the  existing  problem,  showed  that  in  order  to  reduce  the  energy  intensity  of  the  drying  process  and 
extract  juices  from  fruit  and  vegetable  products,  it  is  necessary  to  neutralize  the  main  obstacle  to  the  movement  of  moisture 
and  juice  from  plant  materials.  The  death  of  tissue  cells  due  to  the  use  of  the  destructive  effects  of  electro-physical  factors. 
Of  the  many  electro  physical  factors  that  exert  a  destructive  effect  on  the  cells  of  tissues  of  plant  origin,  taking  into  account 
the  peculiarities  of  technological  and  technical  realization  of  the  processing  process,  we  established  that  the  most  effective 
is  the  electro  pulse  action/  12,13,14,15,16  /.  To  implement  the  decision  and  verify  it  in  real  conditions,  we  developed  a 
pilot-industrial  sample  of  an  apparatus  for  the  electrical  impulse  processing  of  fruits  and  vegetables  and  grapes  before 
drying  and  extracting  the  juice,  the  general  form  of  which  is  shown  in  Figure  3 


Figure  3:  Experimental  and  Industrial  Sample  of  an  Installation  for 
Electro  Impulse  Processing  of  Fruit  and 
Vegetable  Products  and  Grapes 
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The  investigation  of  the  drying  process  of  fruit  and  grapes  showed  that  the  most  effective  method  of  inputting 
energy  (radiation,  convective,  conductive  electromagnetic,  etc.),  dried  material,  is  a  convective  method  with  stepped 
changes  in  the  temperature  of  the  coolant  /  17,  18  /. 

To  check  the  adopted  drying  technology,  we  developed  a  laboratory  model  of  a  4-zone  drying  plant  equipped  with 
a  solar  air  heater,  a  heat  exchanger  for  recycling  heat,  leaving  the  spent  coolant,  from  the  4th  zone  and  using  the  selected 
heat  from  the  mass  carried  away  by  dried  products  from  the  5th  zone  (Figure  4). 


A,  B,  C,  D,  E  -  Trolleys  with  Dried  Products 
I-IV  Section  of  the  Drying  Chamber; 

V  -  Cooling  Chamber 

Figure  4:  Diagram  of  the  Laboratory  Model  of  the  Zone  Convection  Drying  Plant  with  the 
Indication  of  the  Movement  of  the  Drying  Agent  and  the  Drying  Products 


Figures  5  and  6  show  a  new  technology  and  equipment  for  the  production  line  for  dried  fruits  and  sultana  grape 
where  the  first-stage  pre-drying  blanching  process  has  been  replaced  by  electric  pulse  treatment  and  a  power-hungry  drying 
unit  is  offered  a  zone  dryer  with  a  soldering  heater,  a  heat-exchanger,  and  a  heat  exchanger.  Research  carried  out  to 
improve  the  technology  and  technology  of  juices  production  from  fruit  and  vegetable  products  and  grapes  showed  that 
electric  pulse  technology  pre-treatment  increases  the  efficiency  of  juice  production. 
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Figure  5:  Scheme  of  the  Proposed  Technology  for  the  Production  of 
Dried  Fruits  and  Sultana  Grape 
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I  -  Inspection  conveyor;  2  -  Tray;  3  -  Installation  for  electrical  processing; 

4  -  Washer,  5  -  Conveyor  with  a  moisture  removal  device; 

6,  7-Machine  for  cutting  and  removing  pits;  8  -  Device  for  fumigation; 

9  -  Electric  heat  convection  zone  dryer; 

10  -  Special  machine  for  cleared  from  branches  and  pedicels; 

II  -  In  tare  for  sending  to  the  factory  processing;  12  -  Weighing  on  scales; 

13  -  Pest  control;  a  14  -  Sorting  conveyor;  15  -  Dosage  on  scales; 

16  -  Packing  machine. 

Figure  6:  Scheme  of  the  Location  of  Technological  Equipment  of  a  New  line  for 
Production  of  Dried  Fruits  and  Sultana  GRAPE 

Research  carried  out  to  improve  the  technology  and  technology  of  producing  juices  from  fruit  and  vegetable 
products  and  grapes  showed  that  electro-impulse  treatment  increases  the  efficiency  of  juice  production  and  positively 
affects  the  amount  of  juice  yield  by  a  natural  leakage  prior  to  the  pressing  process.  The  power  of  the  electric  drive  of  the 
press  installation  is  reduced  because  for  squeezing  the  juice  from  the  tissue  with  the  dead  cells,  less  pressure  is  required 
compared  to  the  tissue  in  living  cells  (19,20).  Figure  7  shows  the  scheme  of  the  proposed  technology  of  juice  production 
using  the  technology  of  preliminary  electro  pulse  treatment. 


Figure  7:  Scheme  of  the  Proposed  Technology  of  Juice 
Production  with  Electro  Pulse  Treatment 
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Checking  the  installation  in  production  conditions,  showed  that  the  preliminary  electro  pulse  treatment  accelerates 
the  drying  process  1.5-1. 8  times  and  reduces  the  loss  of  nutrients  by  5-7%  and  the  juice  yield  increases  by  10-15%. 
Also,  a  positive  effect  of  electro-impulse  treatment  of  fruits  and  grapes  was  revealed  before  squeezing  juice  for  the 
duration  of  juice  storage. 

Comparative  indicators  of  the  effectiveness  of  methods  for  processing  fruits  of  vegetable  products  before  drying 
and  squeezing  of  juice  are  shown  in  Figure  8. 

There  are  many  technologies  for  storing  fruit  and  vegetable  products,  among  which  the  greatest  interest  is  storage 
in  a  vacuum  and  in  the  ozone  medium,  which  ensures  a  reduction  in  product  losses  due  to  a  decrease  in  the  respiration  of 
tissue  cells. 


Figure  8:  Comparative  indicators  of  the  Effectiveness  of  Methods  for 
Processing  Fruits  and  Vegetables  Before  Drying  and 
Squeezing  Juice 


This  storage  technology  has  yielded  positive  results  in  large  vegetable-fruit  stores 

At  present,  the  construction  of  not  very  expensive  small  storage  facilities  for  agricultural  products  in  the  farms 
themselves  is  developing  widely.  Most  of  them  are  not  equipped  with  refrigeration  units  and  have  only  natural  or  active 
ventilation,  as  a  result  of  which  they  often  do  not  provide  the  required  storage  conditions  and  lead  to  a  decrease  in  the 
efficiency  of  production  of  the  final  product.  For  the  last  10  years,  we  have  conducted  a  study  on  the  effect  of  zonation  on 
the  safety  of  fruits  and  vegetables  stored  in  these  simplest  storages  (21,  22,  23).  A  distinctive  feature  was  the  fact  that  the 
impulse  technology  of  ozone  treatment  was  used  taking  into  account  the  storage  period  (Figure  9).  Thus,  for  example, 
grapes  of  "Nimrang"  and  "Typhi"  varieties  were  treated  during  treatment  periods  with  an  ozone  concentration  of  30-35  mg 
/  m3  with  a  frequency  of  every  4th  day  for  4-5  hours.  In  the  main  period  of  storage,  the  treatment  parameters  were  as 
follows:  ozone  concentration  18-20  mg  /  m3  at  a  frequency  of  once  a  week  for  3-4  hours.  At  the  same  time,  the 
preservation  of  grapes  averaged  86%. 
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1  -  Compressor, 

2  -  Ozone  Generator, 

3  -  Power  Supply 

4  -  Processing  Chamber 

Figure  9:  Principal  Technological  Scheme  of  Storage  Ozonization 

In  order  to  increase  the  energy  efficiency  of  the  process  of  electro-ozonization,  the  issue  of  the  combined  use  of 
both  traditional  and  Renewable  Energy  Sources  (RES)  was  considered.  The  principles  and  requirements  for  connection  of 
renewable  energy  sources  for  power  supply  of  electro-ozonizers  are  grounded. 

It  is  of  great  interest  to  widely  use  renewable  energy  sources  both  in  heat  treatment  processes  and  in  low-power 
electrical  processing  and  storage  processes. 

The  calculations  and  data  of  other  researchers  carried  out  by  us  showed  that  the  energy  potential  of  renewable 
energy  sources  of  the  republic  is  sufficient  to  cover  more  than  40%  of  the  needs  of  technological  processes  of  processing 
and  storage  of  the  country's  produce. 

CONCLUSIONS 

•  In  the  existing  technology  for  the  production  of  dried  products  and  the  production  of  juices  from  fruits, 
vegetables,  and  grapes,  the  most  energy-intensive  is  thermal  processes  and  more  than  92%  of  the  energy 
consumed  by  the  total  energy  consumed  for  all  processes  is  consumed.  In  drying  processes  and  juice  squeezing, 
the  main  obstacle  to  the  interruption  of  moisture  and  juice  from  fruit,  vegetables,  and  grapes  is  the  resistance  of 
their  cells  to  those  of  plant  origin.  From  the  pre-treatment  methods  (mechanical  chemical  thermal  freezing,  electro 
physical  etc.)  before  drying  and  juice  squeezing,  in  order  to  reduce  energy  consumption  of  drying  processes  and 
juice  squeezing  and  also  to  increase  juice  yield,  the  most  effective  is  the  electro  physical  effects,  in  particular,  the 
electro  pulse  treatment  providing  the  maximum  deadening  of  tissue  cells  as  the  main  factor  preventing  the 
removal  of  moisture  and  juice. 

•  The  developed  electro-impulse  technology  processing  fruits  and  vegetables  and  grapes  before  drying  1,  5-1,8 
times  accelerates  the  process,  reduces  the  loss  of  nutrients  by  5-7%,  the  yield  of  juice  increases  by  10-15%. 
The  positive  effect  of  electro-impulse  treatment  of  fruits  and  grapes  was  revealed  before  drying  and  before 
squeezing  the  juice  for  the  duration  of  storage  of  dried  products  and  juice. 

•  In  the  simplest  vegetable  and  fruit  storage  facilities  functioning  today  in  farming  and  peasantry  farms,  we 
recommend  the  use  of  electro-technical  processing  methods  (ozonation,  ionization  of  air,  ultraviolet  irradiation, 
UHF  and  others)  which,  with  insignificant  capital  expenditures,  ensures  the  safety  of  production  up  to  86%.  Great 
prospects  have  a  vacuum  method  of  storage,  the  widespread  use  of  which  is  restrained  by  the  lack  of  inexpensive 
and  efficient  installations.  The  use  of  renewable  energy  sources  (RES)  will  significantly  reduce  the  cost  of  non- 
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renewable  energy  resources  (oil  products,  gas,  and  others)  to  processing  processes  while  improving  the  ecological 
situation  in  the  region. 

•  The  energy  potential  of  renewable  energy  sources  in  the  Republic  is  sufficient  to  cover  more  than  40%  of  the 
needs  of  technological  processes  for  processing  and  storing  fruit  and  vegetables. 
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